Many bacterial typing methods are specific for one species only, time-consuming, or poorly reproducible. DiversiLab (DL; bioMérieux) potentially overcomes these limitations. In this study, we evaluated the DL system for the identification of hospital outbreaks of a number bacterial species. Appropriately typed clinical isolates were tested with DL. DL typing agreed with pulsed-field gel electrophoresis (PFGE) for Acinetobacter (n ‫؍‬ 26) and Stenotrophomonas maltophilia (n ‫؍‬ 13) isolates. With two exceptions, DL typing of Klebsiella isolates (n ‫؍‬ 23) also correlated with PFGE, and in addition, PFGE-nontypeable (PFGE-NT) isolates could be typed. Enterobacter (n ‫؍‬ 28) results also correlated with PFGE results; also, PFGE-NT isolates could be clustered. In a larger study (n ‫؍‬ 270), a cluster of 30 isolates was observed that could be subdivided by PFGE. The results for Escherichia coli (n ‫؍‬ 38) correlated less well with an experimental multilocus variable number of tandem repeats analysis (MLVA) scheme. Pseudomonas aeruginosa (n ‫؍‬ 52) showed only a limited number of amplification products for most isolates. When multiple Pseudomonas isolates were assigned to a single type in DL, all except one showed multiple multilocus sequence types. Methicillin-resistant Staphylococcus aureus generally also showed a limited number of amplification products. Isolates that belonged to different outbreaks by other typing methods, including PFGE, spa typing, and MLVA, were grouped together in a number of cases. For Enterococcus faecium, the limited variability of the amplification products obtained made interpretation difficult and correlation with MLVA and esp gene typing was poor. All of the results are reflected in Simpson's index of diversity and adjusted Rand's and Wallace's coefficients. DL is a useful tool to help identify hospital outbreaks of Acinetobacter spp., S. maltophilia, the Enterobacter cloacae complex, Klebsiella spp., and, to a somewhat lesser extent, E. coli. In our study, DL was inadequate for P. aeruginosa, E. faecium, and MRSA. However, it should be noted that for the identification of outbreaks, epidemiological data should be combined with typing results.
Pulsed-field gel electrophoresis (PFGE) is generally considered the "gold standard" method for the typing of many bacterial species. Other commonly used typing procedures include multilocus sequence typing (MLST), Multiple-locus variable number of tandem repeats analysis (MLVA), and amplified fragment length polymorphism analysis (6, 8, 11, 14, 21) . But all of these methods suffer from different drawbacks. They are specific for one species, time-consuming, or poorly reproducible. The recently introduced DiversiLab (DL) system (bioMérieux) potentially overcomes these limitations. This typing technique is based on the repetitive-sequence-based PCR (rep-PCR) for typing (3, 4, 23, 24) . This method was developed in the 1990s and, though still used today, suffers from reproducibility problems. The DL system is a semiautomated rep-PCR with a high level of standardization, in particular for the electrophoresis step by using a Bioanalyzer (Agilent Technologies, Inc., Santa Clara, CA). This reduces reproducibility problems due to variation in assay conditions. The analysis software allows the comparison of individual amplification product patterns (peak patterns), which enables easier interpretation of the patterns, but a virtual gel image is also generated. The patterns can be stored in a database and used for comparison. An important advantage of DL is that a result can be obtained in 1 day starting from a pure culture. A number of studies investigating DL have been published (5, 7, 16, 18, 19) , but these were limited to one species and sometimes used collections or made comparisons at the level of MLST, a method which is not discriminatory enough for hospital outbreak analysis.
In this study, we evaluated the DL system for the identification of established hospital outbreaks of a number of bacterial species, including methicillin-resistant Staphylococcus aureus (MRSA), Enterococcus faecium, Escherichia coli, the Enterobacter cloacae complex, Acinetobacter species, Klebsiella species, Stenotrophomonas maltophilia, and Pseudomonas aeruginosa, using typed collections.
MATERIALS AND METHODS
Bacterial strains. All of the isolates were typed previously to investigate potential transmission unless otherwise noted. The isolates were either part of outbreaks or unique based on their classification by the Department of Hospital Hygiene. This is reflected in the original typing assignment. So, types represented only once were unique whereas types represented by multiple isolates belonged to outbreaks.
The E. cloacae complex isolates (n ϭ 28) belonged to 15 PFGE types. One PFGE type which is responsible for an ongoing outbreak since 2001 involving more than 200 patients was represented by 11 isolates (12) . Two isolates could repeatedly not be typed by PFGE.
Klebsiella pneumoniae and Klebsiella oxytoca (n ϭ 23) were combined because differentiation between these species in routine practice is not always reliable. Five isolates were unique based on PFGE, and three isolates were nontypeable (NT). There was one PFGE outbreak with four isolates, one outbreak with three isolates, and four outbreaks with two isolates.
The E. coli isolates (n ϭ 38) were typed by an MLVA scheme based on eight loci. Sixteen isolates were unique according to MLVA. There were five MLVA types with two isolates, one with three isolates, one with four isolates, and one with five isolates. For some isolates, a serotype or PFGE pattern was known.
P. aeruginosa isolates (n ϭ 13) were clinical isolates that belonged to 11 types according to PFGE. One isolate was NT. A second set of isolates (n ϭ 52) were obtained and typed by MLST as part of a cross-sectional study of Dutch cystic fibrosis (CF) patients (22) . The isolates belonged to 29 sequence types (STs). Nineteen isolates had a unique ST, seven STs were represented by two isolates, two STs contained three isolates, one ST contained four isolates, and one ST was represented by nine isolates.
The Acinetobacter sp. isolates (n ϭ 26) consisted of 16 unique isolates based on PFGE, whereas 10 isolates belonged to five PFGE types with 2 isolates representing each outbreak.
S. maltophilia isolates (n ϭ 12) were typed by PFGE. Four isolates were selected representing one PFGE type, whereas the other isolates were unique and one NT isolate was included.
The E. faecium isolates (n ϭ 26) represented three outbreaks of 8, 4, and 4 isolates, respectively, and 10 unique isolates without an epidemiological link. Final typing was based on MLVA and additional typing of the esp gene (20, 26) .
Fifty isolates were used to evaluate MRSA. These isolates have been extensively characterized in the past by MLST, MLVA, spa typing, and PFGE (10). Twenty-two isolates belonged to six outbreaks, while 28 isolates were epidemiologically unlinked on the basis of either their phage or PFGE types (depending on the method used by the National Institute of Public Health and the Environment, Netherlands, at the time of the initial isolation) and on their times of isolation.
PFGE. PFGE typing of MRSA, P. aeruginosa, E. cloacae complex, Acinetobacter sp., S. maltophilia, Klebsiella sp., and E. coli isolates was performed as described before (13, 25) .
Typing by DL. Bacterial DNA was isolated as described by the manufacturer, except that 900 l of MD3 solution was used instead of 450 l to improve the recovery of DNA. For each species, the appropriate amplification kit was used. Electrophoresis was performed according to the protocol of the manufacturer. Analysis was performed using the dedicated software of the manufacturer (Pearson correlation with version 3.4 of the software). Gram-negative species with a similarity of Ͻ95% were considered different, and isolates with a similarity of Ͼ98% were considered indistinguishable. Isolates with a similarity between these values were judged manually using the pattern overlay option in the software. For Gram-positive species, the cutoffs were 96 and 99%, respectively. Isolates that are indistinguishable by DL testing belong to clusters, whereas outbreaks are defined by original typing and epidemiological data from the Department of Hospital Hygiene.
Simpson's index of diversity and adjusted Rand's and Wallace's coefficients. Simpson's index of diversity and adjusted Rand's and Wallace's coefficients were calculated using EpiCompare version 1.0 (http://www3.ridom.de/epicompare/).
RESULTS
All of the E. cloacae isolates could be typed, including three isolates that repeatedly could not be typed by PFGE (Fig. 1) . Two of these isolates belonged to an outbreak that has been ongoing in our hospital since 2001 (12) . One isolate that was considered to belong to the outbreak on the basis of DL was a completely different type based on PFGE. However, this second type had been responsible for another outbreak (data not shown). The other isolates could be classified as expected from PFGE typing, although two with different but related PFGE types were clustered together by DL. These results are reflected in Simpson's index of diversity, which was slightly lower for DL than for PFGE, although not significantly so (0.794 and 0.843, respectively; Table 1 ). The adjusted Rand's coefficient showed reasonable agreement between DL and PFGE typing, and the Wallace's coefficient showed that PFGE was predictive for DL, whereas this was more limited vice versa ( Table 1) .
All of the Klebsiella sp. isolates could be typed using DL, including three isolates that repeatedly could not be typed by PFGE (Fig. 2) . A total of 16 types were discerned with DL, and this nearly matched the PFGE typing results. Two isolates that belonged to an outbreak using PFGE were different types by DL. One isolate that was part of a cluster of isolates according to PFGE yielded a unique type with DL. Two closely related PFGE types also showed closely related patterns with DL. DL had a slightly higher discriminatory power than PFGE for these isolates. Based on the Wallace's coefficient, PFGE and DL were almost mutually predictive.
All of the E. coli isolates could be typed, and 23 different types were discerned. Ten isolates that were unique by MLVA were also unique by DL (Fig. 3) . Isolates that belonged to an outbreak according to MLVA usually also clustered in DL. Sometimes isolates that were single-locus variants by MLVA were considered the same type based on DL, although exceptions were noted. This results in poor adjusted Rand's and Wallace's coefficients. Nevertheless, based on the high Simpson's index of diversity, DL was considered a useful tool for the typing of E. coli.
There was little variation in 5 of the 13 P. aeruginosa clinical isolates from non-CF patients, and assignment of a cluster type was difficult. Four types were distinguished, and four isolates were considered related. However, using PFGE, five distinct types were noted. In addition, three other isolates that showed highly related cluster types were different according to PFGE. A PFGE-NT isolate could be typed by DL. To extend these finings, isolates from CF patients with known STs were evaluated. The isolates from the CF patients could all be typed and assigned to 39 different cluster types. All of the STs represented by multiple isolates except one had at least two types in DL (Fig. 4) . All of the DL types except one with more than one isolate showed two or three different STs. This is also reflected in the very low adjusted Rand's and Wallace's coefficients of 0.212, 0.182, and 0.333, respectively.
All of the Acinetobacter sp. isolates could be typed (Fig. 5 ). The five PFGE-based outbreaks with two isolates were identified correctly. Eleven of the 16 isolates unique according to PFGE were also classified as unique by DL. Three of the isolates unique by PFGE had indistinguishable banding patterns by DL, as did two other isolates that were different by PFGE. This is supported by the higher adjusted Rand's and Wallace's coefficients (0.908, 0.833, and 1.0, respectively). DL was therefore comparable to PFGE for the typing of Acinetobacter spp.
All of the S. maltophilia isolates could be typed, and the results of DL and PFGE almost matched (Fig. 6 ). Typing by DL clustered a fifth isolate together with four isolates that were the same according to PFGE. However, the fifth isolate had a related PFGE type compared to the other four. A PFGE-NT isolate was grouped with another isolate.
All of the E. faecium isolates could be typed (Fig. 7) . Compared to the Gram-negative isolates, a remarkably low number of bands was obtained. Seven isolates from outbreak 1 were grouped into a single cluster (001) according to DL, and the eighth isolate was considered closely related. However, the four outbreak isolates from either outbreak 2 or 3 did not cluster together. Eight out of 10 unique isolates were not clustered. The other two were grouped with either outbreak 2 or 3. The Wallace's coefficient (0.826) shows that DL is reasonably predictive for MLVA and esp gene typing, but this is not the case the other way around. However, the low variability of major fragments and the mixed clustering of epidemiologically linked and unlinked isolates make analysis difficult.
All of the MRSA isolates could be typed, but only limited variation in the fingerprints obtained by DL was observed (Fig. 8) . Isolates belonging to different outbreaks were clustered together based on DL. For example, isolates from outbreak 4 clustered with three of the outbreak 6 and one of the outbreak 5 isolates. All four isolates from outbreak 1 clustered in a single type with DL. Isolates from outbreak 2 were divided across two closely related types based on DL, but nonrelated isolates were also grouped with these outbreak isolates. The outbreak 3 isolates were typed correctly based on DL, in agreement with spa and MLVA typing data. The discrepancies between DL typing and the original assignment was also reflected in the adjusted Rand's coefficient, which was lower for DL than for any of the other methods. The Wallace's coefficient showed Because the amplification product patterns sometimes closely resembled each other, two sets of three isolates belonging to two different types in DL were typed in duplicate to assess reproducibility for MRSA isolates. The results showed that sets would not be clustered together based on the 99% similarity cutoff. For one set, the isolates would even be classified as different types using a 95% similarity cutoff.
Combined, these data demonstrated that DL was insufficiently successful in typing isolates for the prediction of historical MRSA outbreaks.
DISCUSSION
The DL system was evaluated for its usefulness in determining hospital outbreaks with commonly occurring pathogens. For that purpose, previously typed isolates were used, including those from epidemiologically proven outbreaks. The results show that DL could be useful for some Gram-negative bacteria such as Acinetobacter spp., S. maltophilia, Klebsiella spp., Enterobacter spp., and, to a lesser extent, E. coli. However, the system was not considered useful for P. aeruginosa and the Gram-positive bacteria MRSA and E. faecium, but it should be noted that large clusters do not necessarily imply large outbreaks or closely related isolates, as shown by PFGE analysis of a cluster of 33 isolates as part of the typing of 272 isolates E. cloacae complex isolates which were part of a national surveillance study (unpublished observation). One of the main problems with the use of DL is the definition of a suitable cutoff, a problem that is similar for that of PFGE. However, in PFGE, a cutoff may be at least partially defined by the so-called Tenover criteria (17) . The possible relatedness of isolates is judged based on the number of different fragments obtained which are the result of insertions, deletions, inversion of DNA, or mutation of the restriction. Our aim was to use DL as support for the identification of outbreaks. For Gram-negative bacteria, a cutoff of Ͼ98% similarity was used to classify isolates as indistinguishable and a cutoff of Ͻ95% was used to classify them as different. Isolates with similarities between 95 and 98% were judged visually on the basis of the overlays and considered indistinguishable, closely related, or related. For Gram-positive bacteria, the cutoff values were increased to 96 and 99%, as the majority of the fingerprints showed only minor variation. In all cases, the epidemiology of the isolates needs to be considered to assign isolates to an outbreak. Isolates between the cutoffs were judged by the overlay method.
For both Gram-positive species E. faecium and MRSA, the observed banding patterns showed little variation. Additionally, for E. faecium, the DL results were not in agreement with the MLVA typing results, as hospital surveillance isolates clustered among outbreak-related isolates, while these isolates are distinct on the basis of MLVA. Also, the DL results for MRSA showed only partial agreement with spa typing, MLVA, PFGE, MLST, and epidemiological data. The epidemiology of MRSA in Netherlands is well documented as part of the mandatory "search-and-destroy" policy. This entails follow-up of MRSA cases and investigation of their spread in the hospital. Previous studies also showed limitations of DL in the typing of MRSA. In one study, most of the isolates belonging to PFGE types USA100, USA200, and USA110 were grouped into unique clusters at Ͼ95% similarity (18) . However, ST8 isolates, including USA300 and USA500 isolates, could not be distinguished at this level. Improved discrimination was obtained using differences visualized in the overlay system. In hospital outbreaks, PFGE performed better (18) . This was partly confirmed by a study that included 16 outbreaks of MRSA with a total of 65 isolates (range, 2 to 9 isolates per outbreak). For 10 outbreaks, DL results were considered concordant with PFGE results although PFGE was more discriminatory for some outbreaks. In one case, DL was more discriminatory. For four outbreaks, the results were first considered discordant, but on repeat analysis, a different, more concordant clustering was obtained with BioNumerics. This was possibly the result of different settings in the program (16) . Agreement between PFGE and DL was also demonstrated by a study of an outbreak of 15 isolates and 13 unrelated MRSA isolates, although it should be noted that this was only a small study (7) . A study using the HARMONY collection of isolates (n ϭ 93) also showed concordant results with PFGE. However, one cluster type included half of the total collection and could be divided into 7 STs and 12 PFGE types. In addition, two other large clusters were found with DL that split into multiple types by the other methods (19) . The differences obtained in our study, showing only limited concordance between DL and other typing methods, and the results published in the literature are not easily explained. In our study, reproducibility for MRSA was relatively poor. In addition, small differences in the execution of the method which may occur despite standardization may lead to poor reproducibility. This is a fundamental characteristic of rep-PCRs. The limited variation in the DL patterns obtained for some species exacerbates this problem.
For Gram-negative bacteria, the results obtained with P. aeruginosa were insufficient to allow the reliable identification of outbreaks. Isolates with the same cluster type were grouped differently based on MLST (Fig. 4 ). An explanation may be that the amplified sequences are under selective pressure and that certain sequences are more advantageous to the organism than others. A similar phenomenon occurs in the spa typing of S. aureus isolates, where particular spa types appear to be favored. Nevertheless, a study involving 84 isolates, including random clinical isolates and isolates from CF patients, in general showed a concordance with PFGE, although several exceptions were noted (5). The difference with our results may be explained by a different isolate selection, although both studies used isolates from CF patients.
The use of DL for E. coli has been shown to agree rather well at the level of MLST. However, it is debatable whether differentiation at the ST level is sufficient for reliable outbreak determination. The same study also shows that DL was not congruent with the O type but possibly was congruent with the H type (1). This is in agreement with the limited serotyping data available for our isolates (data not shown). Our results also show that cluster types are only partly concordant with MLVA, a method that is considered to have higher discriminatory power than MLST. However, the high discriminatory power and frequently poor typeability of multiresistant isolates with PFGE (data not shown) and the more cumbersome MLVA method make DL a useful method to support decisions about E. coli outbreaks.
The results obtained with DL for Klebsiella spp. agreed well with the PFGE typing results. This in accordance with findings of a study of more than 60 extended-spectrum beta-lactamaseproducing isolates which included three outbreaks with more than half of the isolates (7). DL results for S. maltophilia almost matched PFGE typing, and DL appears to be a good substitute for PFGE in the typing of isolates from this species to establish the presence or absence of outbreaks.
For Acinetobacter spp., the results obtained with DL and PFGE agreed well and DL can be used to detect outbreaks among Acinetobacter isolates. A study involving 21 isolates where DL was compared with ribotyping showed good concordance between the two methods (2) .
The poor performance of DL with some bacterial species, notably, MRSA and E. faecium, may be due to the limited number of sites amplified. This is reflected in the limited number of DNA fragments produced. Due to the poor results of DL with these bacterial species, we believe that DL cannot replace currently used typing techniques for the detection of hospital outbreaks, especially for MRSA, E. faecium, and P. aeruginosa. For MRSA, the combination of a MLVA scheme and spa typing appears to be the best method (9, 15) . For E. faecium, MLVA is the best available method (20) , whereas for P. aeruginosa, PFGE and MLVA are the best options (22) . However, based on the data in this report, DL may be a good method for some species, at least as an initial screening method for eliminating the possibility that isolates belong to an outbreak. In summary, DL is a useful tool to help identify hospital outbreaks of Acinetobacter spp., S. maltophilia, the E. cloacae complex, Klebsiella spp., and, to a somewhat lesser extent, E. coli. In our study, DL was inadequate for P. aeruginosa, E. faecium, and MRSA. However, it should be noted that for the identification of outbreaks, epidemiological data should be combined with typing results.
